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A deteriiinationof therelativemeritsofVa-iougfuels

foruse in Mgh compressionenginesis theobjectof experi-

mentsbeingconductedat theBureauof Standardsforthe

NationalAdvisoryCcmmitteeforAeronautics.Inasmuchas the

tendenoyof a fuelto detonateoftenmakesitunsuitablefor

suahuse,a considerationof thegeneralsubjectof

hasformedtheinitialste~in thisinvestigation,

poseof thisnoteis notto summarizetheavailable

detonation .

T%e~UT-

information

on thesubjectbuttodiscussa phasewhichseemstohavere-

ceivedrelativelylittleattention.

In mostdiscussionsof detonationattentionhasbeenfo-

cusedon therateor thenatureof thecombustion.

perat~-esandpressh-esbeforecombustionhavebeen

fromthestandpointof theirinfluenceon thisrate

Ohargetem-

oonfiidered

rather

thanfromthestan&pointof theirinfluencewon thetempera-

turesand”pressuresaftercombustion.Thisdoesnotimplythat

investigatorshavefailedto appreciatethislatterinfluence

butthattheyhavethought of it as a SOrtof neaessaryback-

ground. fixedby the compressionratio~d so have turnedtheir

attentionto a factorthatcouldbe altered,namely,therate
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of combustion.It isbelieved,howevea,thaza ca;efulscrutiny

of this‘tbackground!lwillthrowconsiderablelighton someof t..

rssultethathavebeenobtainedindetonationresee.rchandto

thisendthefollowingdiscussionis devoted.

Fig,1,whichpresentsresultsobtainedfroma one-cylinder

engine,formsa convenientstartingpoint. In thisfigureand
.

throughoutthepa.~er,thepresenceor absenceof detonation

shouldbe understoodtomeanthepresenceor a’osenceof themetal-

licringingsoundcharacteristicof detonation.*

As indicatedin the.,figure,detonationwasonlyaFparentat

sparkadvancesbetween25°and55°beforecenter.Moreinterest-

ingis thefactthattiththisenginedetonationonlyoccurred

whentheexplosion~ressureas meas~edwa6 somewhatgreaterthan

450poundsper squareinch. Fromthis,onewouldconcludethat
. fora givenenginetheexplosionpressuremustexceeda definite

. valueifdetonationis to result.Sucha conclusionis a natural

consequenceof thecommonbeliefthatthesoundwhichservesto

identifydetonationarisesfroma deflectionorvibrationof the

combustionchamberwalls. It seemslogicalthereforeto consider

suchchangesof engineconditionas areknownto affectdetonation

andto estimatetheeffeciiof suchchangesuponthee~losion

pressures.

Compressionratiodeservesfirstattentionas it is knownto
* Fora discussionof quantitativemethodsofmeasuringdetona-
tion,se=‘MethodsofHeasuringDetonationinEnginesj~by Thomas
lfidgeley,Jr., andT.A. Boyd., Jouzna~of theSocietyofAutomo-
tiveEngineers,January,,1922.
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exertgreatinfluenceuponthetendencyof an engineto detonate.

Accordingly,calculatedexplosionpressuresfor severalcompress-

ionratiosnavebeetiplottedinFig.2. Thesehavebeencomputed

as thoughtheenti~echargewereburnedat topcenterwithno heat

loss* Obviouslyexplosionpresmresthuscalculatedshouldexcee~

thoseobtainedinpractioe.Neverthelesstheyforma satisfacto-

rybasisforcorripazisonprovidedaotualzatesofburningandheat.
dissipationareapproximatelythesameforalltheconditionscJO?n-

W
pased,l~oreover,groundforbelievingthatthisassumptionisnot

farfromthetruthcomesfromthetestimonyof numerousinvestiga-

torsthattheyhaveobtainedtiaximwpowerwithnearlythesame

sparkadvanceovera-widerangeoffuels*andcompressionratios.

In calculatingthevaluesforFig.2, thefollowingfamiliar

relationshavebeenemployed.

P2 = PI rn

Ta = T1 rn-~

P= = P~(“T:”)=P2 (’ ‘t?

h‘t7ere

r = ratioof compressionandexpansion.

Pi = absolutepressureat beginningof oonrpressionstroke.

T1 = absolutetemperatureat beginningof compressionstroke.

Pa ~ absolutepressureat endof compressionstroke.

T= = absolutetemperatureat endof compressionstroke.

M = increaseinmixturetemperaturedueto combustion.
* AILfuelsgivenearlythesamemaximum~owerat thesamecom-
presdonratio.
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T3 = absoltitetemperatureaftercombustion~

P~ ~ absolutepressureaftercombustion.

n= exponenthavingeqerimentalvaluesrangingfrom.
1.25to 1.35.

InpreparingFig.2$ pz hasbeentakenas 14.7pohndsper

squaxeinch,M as 2700°Cand n as 1.3. In figuringTI, the

freshokargehasbeenassumedequalto thepistondisplacement
.

involumewhenat atmosphericpressureandat an absolutetemper-“
*

atureof 320°C. In likemannertheresidualproductsof combus-

tionhavebeenassumedof a vokme.equalto theengine’sole~r-

ancespacewhenat atmosphericpressureandat an absolutetemper-

atureof 1273aC.SomevaluesthuscalculatedaretabulatedbeloW

r %
P= T3

4 393°c 595°c e9 494 3295°C
376 610 119 645 3310

; 365 625 151 8C6 3325. 7 358 643 185 960 3343
8 353 660 219 1115 3360

%
* It shouldbe rememberedthattineaimiS a mmpar~sonratherthan
aacuratedeterminationof tem~eratureandpressures,Thisjusti-
fiestheomissionof stepsthatotherwisewouldbe essential.For
example>the&emperatureincreaseproducedby co~bustionhasbeen
takenas 2700C forallcompressionratios,although“oecauseof
the smallerclearancevolumeof spentgastheamountof tempera-
tureriseshouldinoreasewiththeratio(sincelessof theener-
gy of combustionis expendedin raisingthetemperatureof thein-
ertgas). An opposingtendencyis theincreasei.n specificheat
thatresultsfromthehighercompressiontemperaturesof thehigh-
er compressionratios.Theuseof thesamevalueof exhaust,gas
te~exatureforallratiosis opento similarcritioism.An ill-
czeasein expansionratiotendstO lowerthistemperature,which.
effectis opposedby a deoreaseinheat10SSdueto thedecrease
in combustionchambersurface.Thesevarioustendemies‘havebeen
consideredbutarenot includedin thecalculationsas theirCOM-
‘Oinedinfluenceshouldaffectthecomparativevalueslessthan5’$..
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“dri?$peatedlyk. themafiytenden-Attentionhasbeendirec~e

tiestowardan inoreasein combustionratewithan increase“in

compressionratio.A smallervolumethroughwhichtheflameziiust

sp2eadand a smallerproportionof inertgasaretwoof thefac-

torsemphasized,Allsuchtendencieswouldincreasethediffer-

enceashowninFig.Z. Thesignificantthingisthat,neglecting

allsuchpossibilities,asmmingno changein combustionrate,
.

therewouldstillbe an inoreaseinexplosionpressureof over
a 125~producedby changingfroma ratioof 4 to oneof 8, ThiG

change.of ratiowouldonlyincreasetheabsolutetemperatureat

theendof compressionby 11%andtheabsolutetemperatureat the

endof combustionby 2?. One isnotsurprised,therefore,th~%a

wellknownBritishinvestigatorconcludesch~ge temperatureto

be of’minorimportancefroma detonationstandpoint.*

At thispointit iswellto-cdnsiderFig.3,whichpresents
. someof themostinterestinginformationthatthisinvestigator,

+ Mr.Rioardo,hasobtainedfromhisvariablecompressionengine.

Thefigureshowsdataobtainedby throttlingtheeng:ne,at com-

pressionratiosabove4.G,to thepointof detonation.Thedotted

lineshowstheI.M.E.P.obtainedat fullthrottlewitha non-

detonatingfuel. Afteroperatingat eachratiothecompression

pressurewasmeasuredwitha gaugewhiletheenginewasdrivenby

a motorat thesamespeedandthrottleopeningas before.The
* HarryR..Rioardo,“t’Transactionsof theJanuaryj“1922Meetingof
the‘Society&fAutomotiveEngineers.” Theconclusionquotedis ,
expressedthus,‘?Ourexperimentsappearedto showprettyclearly
thatdetonationhas”verylittleconnectionwiththetemperature

t of compression,but iscloselydependentuponthecompression .
pressure.!]

.



Themoststrikinglessonfromthiscurveis thatdetonationOccu-s

atverynearlythesamecompressionyressureregardlessof the

compressionratio,

Inasmuchas thisdiscussionis cnncernedwiththerelationof

explosionpressuresto detonation,an estimateof theprobableex-

plosionpressuresfortheomditionsshownin thisfigureis in

. order.Onemightanticipatethattheexpansionof thegasesafter

f passingthethrottle~ouldcausean appreciabletem~era%uredrop.

Calculationandexperimentbothshowthiseffectto be negligible

underthecircumstancesunderconsideration.*Anotherfactor

‘~hichis likelyto influencethetemperatureat thebeginningof

compressionis theproportionof efiaustgaspresent.Thiscanbe

estimated

chargeat

chargeat..
theI.M.E.

<

rathercloselyby assumingthattheweightof fresh

partthrottlebearsthesame-relationto theweightof

fqllthrottleas theI:M.E.F,at partthrottlebearsto

P. obtainedat fullthrottleyitha-non-detonatingfuel.

Actualexperimentaldeterminationso: I.WE.P.are glveriin the

figure.Exceptfortheuse of theI.M.E.P.to estimate ‘+,

Partthrottleexhaustgasoontent,themethodof calculationis

thesameas thatusedin obtainingFig.2. Althoughthrottlingan
* On P.109,ofBulletinNo.19,of theEngineeringExperimentSta-
tionof OhioStateTJniversZty,Prof.Normandiscussesthelaws
governingthisdropintemperatureand calculatesthefollowing
values:

%S velocityin feetper second 50 - 100- 200- 300
Temperaturedropin degreesC 0.1 0.4 1.8 4.2

Testsat theBureauof-Standa~dsshowedno decrease
temperaturewhenthethrottleof an aviationengine
whileitwasbeingmotoredwiththefuelSUWIY cut,

.

inmanifold
wasclosed
off.
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engineof fixedcompressionratio*endsto increasethepropor-

tionof exhaustgasto freshcharge,thecalculationsindioate

thatwiththevariablecompressionehgi.neunderthecircumstances

undeidiscussionthereis an accompanyingdecreasein clearance

volumewhichneutralizesthiseffect.ThusWer therangecoV-

eredby thecurvestheexhaustgasexpressedkm a percentageof

at thebeginningof.compressionwillremainnearlyconstantand
r

valuescalculatedon thisbasisaretabulatedbelow.

r

4.8
5.0
5.5
6.0

;:z
?.5

388°C
3!38
388
388
388
388
388

620°C
629
648
664
680
696
‘710

3329
“ 3348.“
3364
3380
3396
3410

It willbe recalledthattherelationbetweenexplosionpressure*
andcompressionpressureisas follows:~ =+ An in-

P.2..2
creasein compressionratiomeansan incree.sein.T2 andhencea

‘decreasein thevaluecf thisratio. Forthisreasona higherex-

plosionpressurewillbe obtainedfroma IOW’compressionratioen-

gineat fullthrottlethanfroma highcompressionratioengine

throttledto thefullloadcompressionpressureof thelowratio.

Thisfactmaybe statedfroma slightlydifferentangleinthis

fashion,- to maintaina constante~losionpressuretilecompress-

. ionpressureshouldinoreaseslightlywithincreasein compression

ratio=
.
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Explosionpressuresas calculatedforFig.3 aretabulated

below. .
r Pa (Absolute P~‘

Pressure)

4.8 113 606
5*O 113.2 599

114.2 589
$:: 116.2 5e9
6.5 119.2 592
7.0 123*2 601

. ‘7.5 127,7 612

r Themaximumvariationinexplosionpressuresis seento be less

than4% andthedeviationfrom tineaveragepressureabout~.

Whenexperimenthas showndetonationtobe oonstantunderthecon-

ditionsofFig.3, andcalculationsshowe~losionpressuresto

havebeenconstant,thereis reasonfora deepeningconviction

intheoloserelationshipof explosionpressuresto detonation.*

Scavenging,.thatis to say,removingallorpartof thespentI
gasesfromtheclearancespace,increasesdetonation.Thisfact

● hasbeentakenas convincingproofof thegreatinfluenceexerted.
by smallproportionsof exhaust~s on therateof flamespread.

Veryprobablythisinfluenceexistsandoperatesas supposed.
* On page6 of “RecentInternalCombustionEngineResearch~llpze-
sentedat theJanuary,1922,meetingof theSocietyofAutomotive
Engineers,Mr.Ricardosaya:‘....thetendencyto detonatede-
pendsin effectuponthecompressionpressurenot,as I supposed,
becausethepressurehasanymarkedinfluence,butratherbecause
in anyactualenginethecompressionpressureis in itselfa meas-
ure of theproportionof inertdiluentpresentin thecylinder.‘1

Thereaderwill perceive that the author’sinterpretationof
thedatais somewhatatv%~ianoewithMr.Ricardo’e.It is re-
grettablethatthescopeof thepaperdoesnotpermitcitingthe
manyviewsofMr.Ricardowithwhichhe is inheartyaccord.The
useof Fig.3 isbutoneindicationof hisbeliefin theaccuracy

b andvalueofMr.Ricardolsexperimentaldeterminations.
.

.
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It istrue,nevertheless,thattheeffectof scavengingon detona-

tioncanbe explainedpartiallyat leastby its

explosionpressure.Thisinfluenceistwofold.

movingthehot exhaustgasesfromtheclearance

ginemeansa lowertemperature

endof compression.Reverting

. it is clearthatloweringT2,

at thebeginning

influenceon the

Firstof all,re-

spaceof theen- “.-

andhenceatthe
PM

againto therelation>: = I +~,

increasestherattoandthusthe

w explosionpressure,Thisholdstrueif M,

peratureresultingfromcombustion,.doesnot

shouldincreasesincetheenergyof thefuel

theincreasein tem-

decrease.But M

is expendedin heat-

inga smallermassof inertgas. Thisthenisthesecondtenden-

cy towardincreasedexplosionpres~reandconsequentlydetona-

tiom Galcuiatedexplosionpres~res’showa probableincreaseof

over25%fora scavengedin comparisontithanunscavengedengine

havinga compressionratioof 4..

Anotherinfluencewhichvitallyaffectsdetonationistheig-<
nitiontiming,thesparkadvance.As before,it is convenientto

picturethechargeburnedat constantvolumeat a pointin the

strokegovernedby thesparkadvance.Thisdoesnotmeanpiotur-

ingthecombustionas occurringat thesametimeas thesparkbut

as alwaysoccurrtngat the sameintervalof timeafterthespark.

Theburningthattakesplaceduringthisintervalnaybe treated

as theburningof a fusethatlaterfiresthee~losive. AS shown

:Thendiscussingtheeffectof compressionratio,themaximumex-

NIOSiOnpressureshouldoccurwhenthepressure~riorto combus-.

*
I———. _



tionisgreatest.Sincethechargeiscompressedmcstat topcen-

terthemaximumexplosionpressuresho-~ldr~sultf~or~a sparkso

timedas to causetheactualcombustionto takeplaceat thatpart

of thestrokeandretardingthesparkso thatcom-oustioncones

/pr~S!u~&enginefromwhichlatershoulddecreasetheexplosion.

thepressuremeasurementsofFig.1 weretakentheestimatedratiG

. of theexplosionpressuresobtainedwithcombustionatvarious

+“ anglespasttopoenterto whatwouldhaveresultedfromaonbustion

at topcenteraregivenbelow.

Degreesof czaxikangle E~losionpressurein~
aftertopcenterat , of thepressurewhen
whichequivalentinstan- equivalentinstantaneous
taneous.combustionoccurs. combustionoooursat tap

center.

o
10
20
30.
40
50

1

Thisdemonstratesthatveryconsiderable

pressurewouldbs expeotedfroma &ange

therateof combustionremainedthesame.

100
94
84
72
59
’49

differencesin explosion

in sparkadvanceevenif

Whenthereis superim–

posedtheinfluenceofa changein rate,it isnot surprisingto

finddifferencesof tinemagnitudeshownin Fig.i. Thepressure

at thetimeof explosionshouldbe thesamewhethercombustion

takesplaceat a givenanglebeforetopcenteror after.Kith

combustionbeforecenter,however,barringtheheat.~osS,thesub-
. sequentcompressionof tineburnedgaseswillincreasethepressure

●



to a valueinexcess,ofthatresultingfzomburningthechargeat

center.Inpracticeitoftenhappensthatwith

therateof heatlossexceedstherateat which

by thecompressionof theburnedchargeso that

an early~az::

heatisproduced

themaximumpres-

sureof thecycleis lowerthanwitha lessea~lyspark,Thisac-

countsforthedecreasedprsssuresat theextreziespark’advances

of Fig.1. Furthermore,it isnotsurprisingthatcarbon-s
bisulphide,whichpreignitesearlyinthestroke,doesnotdeto-

.
natesincetheeffectofp,reigni.tionis thatof a tooearlyspark.*

Therelativeinfluenceof sparkadvanceandthrottleopening

on detonationis of considerableimportancein connectionwiththe

useof highcompressionover-dimensionedengines.Suchengines

havetoohigha compressionratioto operatesafelyat sealevel

at fullthrottlewiththesparkadvancethatwouldgive maximum

powerwitha non-detonatingfuel. Experimentsat theBureauhave.
shownthatforan emergency“take-offflsuchengineswilldevelop .

*
morepowerif thesparkisretardedto eliminatedetonationthan

if thethrottleisclosedto producethesameeffect.

A~idefromitspracti~lbearingon enginedesign,it is

worthwhileto seswhetherthecomparativeinfluenceof sparkad-

vanceandthrottleopening—. :~ouldbe predictedfromtheirinflu-

* In tk~eJournalof theSocietyofAutomotiveEngineers,September:
1920,C. F. Ketteringsays:‘fUsingcarbon-bisulphideas a fuel,we
geta genuinepreignition.Thisfuelignitesveryearlyandthe
pressurerisesrapid~ybutitwillnotknock. Preignitionwillnot
necessarilycausea knock,becauseitmaybe thatthepressures
willnot”risehigherthannormal.11

.

*
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enceon explosionpressures Thetheoreticalindicatorcardsof

Fig.4 willaidthecomparison.In thisfigurethedottedline

indicatesthepressuresat fullthrottlewitha no~detonating

fuelanda compressionratioof 6.5. Theproblemis to obtain

frotithisenginethemaximumpowerthatispossiblewitha fuel .

whichbecauseof detonationcannotbe usedwithanunthrottled

enginehavinga compressionratioin excessof 5.5 (thevolumet-

ricefficiencyisassumedthesameforbothratio;).If explo-

sionpres~recontrolsdetonation,theproblemresolvesitselfin-

to soadjustingsparkadvanceor throttleas to restriottheex-

plosionpressureto thevalueobtainedwithanunthrottledengine

of 5.5ratio. Sincetheexplosionpressurewitha 5.5ratiois

about8@0of thatwith”a 6.5ratio,an enginehavingthelatter

ratiomust“be

considesation.
. Fig.3, gives

.
ure showsthe

throttledto about82$of fullload. (Takinginto

themodifyingfactorsdiscussedinconnectionwith

85%as a closervalue.)Thefullcurveof thefig-

probablepressuresunderthisthrottledcondition,

Theotheralternativeisto retardthe sparkso thatcombus-

tiondoesnottake~Iaceuntilthe~istonhas%raveledfarenough

on thedownstrokeforthepressuretc havefallento the.maximum

compressionpressurewiththe5.5ratio. A fullheavylineshows

thepressuresunderthiscondition.Sincetheenginereceivesa

fullweightof charge,therowershouldbe lessthanthatobtained

withthenon-detonatingfuelonlybecausetksratioof expansion

aftercombustionis 5,5in contrastwith6.5withthenon-detonat-

. -. .
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ingfuelandtheoptimumsparka&vance. Theaircycleefficien–

~y* for

ingthe

against

a 5.5~atiois.94%of thatfora 6.5ratio.Thusretard-

sparkto avoiddetonationrequiresa 6% decreaseinpower

the15$sacrificewhiohthrottlingentails.

Fromalltfieevidencepresenteditappearsthata closere-

lationshipexistsbetweene~losion.pressuresanddetonationand
, that,havingcalculatedtheexplosionpressuresfor

I conditZonat whichdetonationoccurs~foranyother

tiontheprobablepresenceor absenceof detonation

dietedfroma calculationof theprobableexplosion

an engine

engineeondi-

canbe pre-

pressure.It

doesnot-follownecessarilythattheuniformexplosionpressures

asherecalculatedproducethesotiqdof detonation.Thereis ev-

idencethatthereare.localpressureswhichexoeedthese’average

pressuresandtowhichshouldbe ohargedboththesoundandde-

. structiveeffectsof detonation,Theevidenoedoesindicatethat

if localhighpressuresexist theyareproportionalto theaver-*
agepressuresas ~loulated,inasmuchas thelatterhaveproved

an accurateindexof thepresenceor absenceof detonation.

Emphasis,thusf&, hasbeenplacedo; conditionsthatinflu-

encedetonationsevenwiththerateof combustionUnohanged.Bet-

terappreciatedandno less importantis theinfluenceof a change

in combustionratewithotherconditionsremainingconstant.In

fact,detonationresearchhasconfineditselflargelyto attempts
.

to influenoethisrate. Thegoalis a slowingdownof thefinal

● stagesof combustion,It may”beneithernecessarynordesirable
* ~~:cycleefficiency= 1 - ~y 1

(r] where n = 1.4 and r = ex-
, pansionratio.
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to decreasetheaveragecombustionrate. Traditiontellsus tf.at

itwastheIIlaststraw!!thatbrougtiti-disasterto thebackof a——

camelandsimilarlyit isthe~~t riseinpressurethatbrings—.

ruinto theheadof a piston.An illustrationwillshowhowthis

disastrouspeakpressuremaybe avoidedby a slightchangein the

combustionrate. Forthefirstoonditionassumethatthepiston

is at top center,thatallthechargehasbeenburnedandthat
.

thechargetemperatureis 3350°C.Assumealsothata temperature
4

dropof 250*Cresultsfromtheheatdissipationduringthenext

10°of crankmotion.Forthesecondconditionletit be &ssumed .

that

been

that

whenthepistonreaches

burnedto haveproduced

theremainderisburned

topcentersufficientchargehas

a temperatureof (3350- 250)*Cand

duringthenexttendegreesof crank

motionat sucha ratethattheheatinputshalljustoffsetthe

heatdissipationandthepressureandtemperatureat 10°pasttop
. centerbe approximatelythesameas inthefirstcase. Theratio

. of thepres~wreinthelattercaseto thatin t-heformeris
3350- 250

3350 or 93$. Theonlydifferenceinpowerthatshould

thatdueto a lossin efficiencychargeableto thedesuitis

oreased

theten

be less

re-

expansionratioof theportionof thechargeburnedin

degreesaftercenter.Calculationshowsthenet10SSto

thantwo-tenthsof onepercent.In short,a decreaseof

?? inmaximumpressureis obtainedat theexpenseof a decreaseof

two-tenthsof onepercentinpower,

Fig.5 indioatesin a generalwaywhydifferencesin epark
,

plugpositionandcombustionchambershapechangetherateat
,

——
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whichthechargeis consumed.By meansof thealternatelight

anddarkareastkeamountof surfacesweptby theflamefromeach

sparkplugin equaltimeintervalscanbe determined.Thelower

plotsshowtotalareassweptby flapeinunittimeplottedagainst

time.In thesefiguresthea,reaunderthecurveat theleftof

anyordinaterepresentsthetotalareasweptby theflame~ to
. thattime. Theupperflamespreaddiagramsaredrawnas though

, theflamemovedradiallyat a uniformlinearrate. Thisassump-.
tionisadmitted~yfalsefortheflame,.atleastin itsinitial

stages~spreadsat an acceleratedrate. Moreover,intheengine

problemisfurthercomplicatedby themovementof onewallof the

combustionchamber,namely,thepistonhead. Obviously,then

thereisnopointin analyzingthefiguresto showwhichspark

. Plugarrangementgivesminimumdetonation.Theirsole-aimis to

showwhya changein sparkplugarrangementshouldmakea differ-
●

enceindetonation.*

A discussionof theinfluenceof changesin fuelcharacter-

isticsupondetonationliesoutsidethe provinceof thispaper.

Possiblythemosthopeof relieffromdetonationtroublesl$esin

theabilityto alterthesecharacteristics,andmuchexcellent
workhasbeendonein thisfield,**
* Fora discussionof actualcombustionchambershapesandtheir
influenceupondetonation,seellTurbulence,l~by H. L.Horning,on
page579of theJournalof theSocietyofAutomotiveEngineers,,
June,1921.
- llGOmbustionofFuelsin InternalCombustionEngines,nby C.F.

. Kettering,Journalof theSocietyofAutomotiveEngineers,Septem-
ber,1S20;‘fCombustionof Fuelsin Internal.CombustionEngines~’t
by ThomasMidgely,Jr.,Journalof theSooietyof AutomotiveEngi-.
neers,December,1920. -

.——_ _
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,Exceptinthecaseof theautomobileenginethenoiseof &-

tonationin itselfis of no consequence.DetoaationIsseriousness

liesinitshighpressuresandin theexcessiveheatlosswhich

preventstheattainmentof thepowezthatrouldotherwisebe pos-

sible.Mostinvestigatorshavebeenmadeacquaintedwith-this

excessiveheatdissipationby an increasedlossto thejacketwa-

terwhenswerdetonationhas*

grapha comparisonwasmade.
chargeat topcenterwitha

slightlyretardingtherate

aturedidnotexceed3100°C.

beenpresent.In a precedingpara-

betweentheeffectof burningallthe

resultanttemperatureof 3350°Cand

ofburningso thattheme@mum temper-

Radiationvariesapproximatelyas

thefourthpowerof theabsolutetemperatureandwculdat topcen-

terbe 35~greaterwiththehighertemperature.It seemsclear

thatmuchof thepowerlossthataccompaniesdetonationcanbe

attributedto excessiveheatdissipationarisingfroma condition
.

approximatingtheonejustmentioned,
*

Preignitionanddetonationarenowgenerallyconcededto be

ent~zelyindependentphenomena,Preignitionisunusual,caused

by a hotsparkplugelectrode,by an exhaustvalveor bya piston

headanddependsWon theignitiontemperatureof thefuel.

&angesin thedesignof thesememberswilldomuchtoprevent

thistrouble.Theimportantfactis thatsuchchangesmillbe

necessarywithan increasein compressionratiounlessthefuel

hasbeenpreparedto eliminatepreignitionas wellas detonation.

Itmaybe mentionedinpassingthatoverheatingtroublesare
b

a morelikelyresultofpreignitionthanof detonation.Tniscan
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be illustratedbestby assumingan extremecaseofpreignition

withthechargeignitedas it entersthecylinderandallburned

by thebegiriningof thecompressionstroke.It is conceivable

thattherateof heatdissipationduringthisstrokeshouldbe

suchthatat topcenterthesameprepsureandtemperaturewould

resultas when,undernormaloperation,thebulkof thecharge

isburnedat topcenter.Pressuresandtemperaturesduringexpan-
1

sionwouldbe thesameforbothcases.Forthecompressionstroke
.

however,theaveragetemperaturewithpreignitionwouldhavebeen

in theneighborhoodof 3000°Cin contrastwith

operation.

500°Cundernormal

As stated“intheoutset,this’Paper:saim

butto considerseveralpresenta aompletepictureofdetonation

moreor lessindependentfeaturesof the

hasnotbeento

problemwhichhavere-
ceivedcomparativelylittleattention.Whetherthesefeatures

. belongin thebackgromdor foregrcuqdisimmaterialso longas

d theyarerecognizedas an essentialpartofthepicture.

1
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